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liquid (1) level in a tank (2) by means of a radar 
level measuring device (6), which transmits 
microwaves downwards to the surface of the 
liquid (7) through a waveguide (5), in the form of 
a vertically arranged pipe, which is open close to 
the base (3) of the tank (2), and which after 
reflection of the microwaves from the liquid 
surface (7) receives the microwaves for 
determining the level of the liquid surface, where 
an absorber (8) for microwaves is placed at the 
base (3) of the tank (2) below the opening of the 
pipe to absorb the greater part of the microwave 
energy that is incident on the base of the tank. 
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microwaves from the liquid surface 
(7) receives the microwaves for 
detenriining the level of the liquid 
surface, where an absorber (8) for 
microwaves is placed at the base (3) 
of the tank (2) below the opening of 
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the microwave energy that is incident 
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APPARATUS FOR MEASURING THE LEVEL IN A CONTAINER 

The invention relates to an absorber for microwaves that is fitted to the base of 
a tank that is devised for storing a liquid, such as liquid gas. The absorber is 
positioned below the opening of a pipe, which is used as a waveguide for 
microwaves from a radar, which measures the distance to the surface of the 
liquid in the tank. The purpose of the absorber is to prevent the base of the 
tank generating an echo that can disturb the wave reflected by the liquid 
surface. 

STATE OF THE ART 

The use of radar mounted on the roof of a tank is a common technique today 
for determining the level of the surface of material, in the form of a liquid or a 
solid grain-shaped material, stored in a tank. In some applications of this 
technique, a vertically mounted pipe is used as a waveguide for the 
microwaves sent from the radar downwards to the surface of the material in the 
tank, where the microwaves are reflected by the surface of the material as an 
echo, and are sent back to a receiver in the radar. By analysing the propagation 
time for a transmitted microwave signal and the same signal reflected by the 
surface, and thus the level of the material in the tank, the distance to the surface 
may be determined. The said technique is employed in tanks of various types, 
for example in tanks and cisterns used to store oil or products refined from oil. 

The technique presented above for measuring the level of contents by radar 
has, to date, not been used in certain types of tank. One example is tanks on 
ships for storage of liquid gas. These tanks are normally designed as large 
rectangular blocks, for which the area of the base can be very big, as great as 
the size of a football pitch with a height of up to 30 m. In such cases, the walls 
of the tank are made of a thin metal membrane, approximately 1mm thick. The 
membrane is supported in turn by a wooden structure, which makes the whole 
construction light in weight. Since the area of the base of a tank of this type is 
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large, it is of utmost importance that the liquid level, i.e. the liquid gas, can be 
read with a high degree of accuracy. The large area implies that small changes 
in the liquid level correspond to relatively large changes in the volume of 
liquid. If radar is used for measuring, with a pipe acting as a waveguide, the 

5 measurement carried out at higher levels may be taken in a controlled fashion 

and will produce good measurement results. The pipe acting as a waveguide 
must have an opening at its end above the base of the tank, because the pipe is 
subjected to large changes in length caused by the large variations in 
temperature that a tank periodically filled with liquid gas displays. 

10 Consequently, a measurement of the liquid level close to the base of the tank 

will be performed in free space if it is carried out by a radar level measuring 
apparatus. 



In order to permit determination, using radar, of the level of the liquid surface 
15 close to the base of the tank, it is very important that the base itself does not 

produce an echo that is excessively large in comparison to the echo that the 
surface of the liquid gives rise to. One difficulty in this respect is that the type 
of metal membrane of which the base of a tank for liquid gas is made produces 
a very strong echo at the wavelengths used. Partly because of these 
20 difficulties, the technique of level measuring by radar has not been employed 

in tanks for liquid gas, where the tanks are of the said membrane type and 
made in the shape of rectangular blocks. 



25 DESCRIPTION OF INVENTION 

In accordance with an aspect of the invention, an apparatus and a method are 
presented here for determining the liquid level in a tank by means of a radar 
level-measuring apparatus, which transmits microwaves downwards to the 
30 surface of the liquid through a waveguide, in the form of a vertically arranged 

pipe, which is open close to the base of the tank, and which after reflection of 
the microwaves from the liquid surface receives the microwaves for 
determining the level of the liquid surface, where an absorber for microwaves 
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is placed at the base of the tank below the opening of the pipe to absorb the 
greater part of the microwave energy that is incident on the base of the tank. 

It is the object of the invention to ensure that the difference between the signal 
strength of the microwave signal reflected from the liquid surface and that of 
the signal reflected by the base of the tank is sufficiently large that these 
signals cannot be confused with each other by the radar level measuring 
device. 

The apparatus and method are, in particular, intended to be used in tanks with 
liquid which is not of a clogging character. It is primarily intended for use in 
tanks for storage of liquid gas. If the absorber is to fulfil its function for a long 
period of time, the stored material in the tank cannot be of such character that 
sticky material builds up on the surface of the absorber. 

The absorber is made of a material that is preferably composed of a flouro- 
polymer resin, such as PolyTetraFlouroEthylen (PTFE). This material is 
known, for example, under the trade name TEFLON®. The material has, in 
addition, a component of carbon powder, which imparts the microwaves- 
absorbing properties. 

The absorber is modelled in the form of spikes, with the tips of the spikes 
facing the incident microwaves. The absorber is preferably designed as a 
number of closely arranged pyramids on a connected plate of the absorbing 
material. This type of design is also present in devices for absorption of sound 
in echo-free rooms. The reason for using spikes in the shape of pyramids is 
that the microwaves on contact with the absorber hits a successively increasing 
area of absorption material, whereby the microwaves' transition from 
propagation in air (or other gas) to propagation in the absorption material is 
mild, so that the microwaves can be absorbed effectively without undesirable 
reflection at the base of the tank. The absorption of microwaves happens with 
increasing effectiveness with depth in the absorber, since its cross-sectional 
area increases with depth 
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One advantage of the absorber according to the invention is that it permits 
measurement of the liquid level with a high degree of accuracy using a radar 
level-measuring device, even close to the base, in tanks with liquid gas. 
Another advantage is that it is possible to measure the liquid level right down 
to the height defined as "empty tank". A further advantage is that the proposed 
absorption material can be inserted into tanks of the aforementioned type 
without risk for introduction of unsuitable matter or material in the tank. 

DESCRIPTION OF DRAWINGS 

Figure 1 shows schematically a sectional view of a cut-away tank, in which a 
liquid is stored and where an absorber according to the invention is fitted to the 
base of the tank below a waveguide, which sends microwaves towards the 
bottom. 

Figure 2a shows the aforementioned absorber in a plan view from above. 

Figure 2b shows a sectional view of a version of the aforementioned absorber 
where each pyramidal pan stands on a separate rectangular prism, which are 
linked together to make a plate. 

DESCRIPTION OF EMBODIMENTS 

A number of embodiments of the invention are described below with aid of the 
drawings. 

In Figure I, a liquid gas 1 is stored in a tank 2, where the base of the tank 3 is 
composed of a metal membrane. The walls 4 of the tank are partly illustrated 
in the drawing. In the roof of the tank 2, or running through the roof of the tank 
2, a vertical waveguide 5 in the form of a pipe is arranged. The waveguide is 
terminated a little above the base 3 of the tank, whereby the waveguide is open 
downwards. In the upper part of the waveguide 5, a microwave radar 6 is 
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fitted. As already mentioned, this radar 6 transmits a microwave signal 
through the waveguide 5 to be reflected by the liquid surface 7, which means 
that a reflected microwave signal can be received by the radar 6. By analysing 
the propagation time for the transmitted and the received signal, the level of the 
liquid surface 7 in the tank can be determined in a known way. In Figure 1, the 
level of the liquid surface is low; i.e. it is shown a little below the opening in 
the waveguide 5. Normally, it would be very difficult for the receiver of the 
reflected microwave to differentiate between an echo caused by the liquid 
surface 7 and an echo from the base 3 positioned immediately below the liquid 
surface. To rectify this, an absorber 8 has, in accordance with the aspect of the 
invention, been fitted to the base 3 of the tank 2, below the opening in the 
waveguide 5. The duty of the absorber is to absorb the greater part of the 
microwave energy that, from the waveguide 5, is incident on the liquid surface 
7, and that is not reflected by this surface, thereby preventing an echo; i.e. a 
reflected wave created at the base 3 and sent to the receiver in the radar 6. 

It is the object of the absorber 8 to absorb the greater part of the microwave 
energy incident on the base 3. To achieve this the absorber is composed of 
material that absorbs microwave energy to a high degree. To this end a plastic 
material in the form of PTFE has been chosen in the example. In the example, 
the material with the TEFLON trademark is used, with a component of carbon 
powder, a material that has good absorption capacity with respect to 
microwaves for the wavelength in question. In the example, the concentration 
of carbon powder is 1%. If the microwaves are incident on a plane surface 
comprised of the said effective absorption material, there is still a risk that a 
reflected wave will arise at the surface of the absorber. As a result of this, the 
absorber is constructed in such a way that it has increasing cross-sectional area 
in the forward movement direction of the microwaves. For that reason, in the 
example the absorber 8 is constructed as closely arranged standing pyramids 9. 
The pyramids are suitably attached to a shared_plate 10 that holds the absorber 
together, where the basal surfaces of the pyramids rest on the shared plate. The 
plate 10 may be glued to the base 3 of the tank 2. Alternatively the basal 
surfaces of each individual pyramid 9 can stand on a rectangular block 1 1, after 
which these ratblock 1 1 are connected to each other, for example by gluing, 



6 

and fitted to the base in a similar way. Preferably, the absorber is fixed 
between a metal plate welded to the base of the tank, and a frame that frames 
the absorber and which is secured by screws to the metal plate. 

The choice of material for the absorber was, as mentioned above, a PTFE 
material. This is not essential, since other material with the desired parameters 
can be used. According to the invention, the requirement for use is that the 
material has a relative dielectric constant that exceeds 1.8. The material, 
furthermore, should have the ability to incorporate up to 4% carbon without it 
being friable at the low temperatures, down to c. -165 °C, which can occur in 
tanks with liquid gas. 

The height of the absorber is naturally adapted to the length of the microwave 
used. When the wavelength, as in the example of the embodiment, is 3 cm in 
free space, the height of the pyramids is 30 mm and the thickness of the plate 
15 mm, whereby the height of the entire absorber will be 45 mm. By 
implication, this makes it possible to measure the level of the liquid surface 
down to 30 mm from the base of the tank, which is fully acceptable since this 
level, i.e. 30 mm, can be defined as empty tank. It should also be mentioned 
that it is not necessary for the absorber to absorb 100 % of the microwave 
energy, since it is advantageous that a residual echo from the base 3 remains, 
thereby making it possible to determine when the tank is, by definition, empty. 

Within the scope of the invention, the embodiment can be varied in many 
ways. Thus, the spikes of the absorber, i.e. the pyramids referred to above, can 
be replaced by other geometric shapes. Furthermore, the material in the 
absorber can be varied in multiple ways, the requirement being that the 
material should absorb microwave energy, and have a composition that be 
accepted in a tank milieu. 



An apparatus for determining the liquid level in a tank (2) by means of 
a radar level measuring device (6), which transmits microwaves 
downwards to the surface of the liquid (7) through a waveguide (5), in 
the form of a vertically arranged pipe, which is open close to the base 
(3) of the tank (2), and which after reflection of the microwaves from 
the liquid surface (7) receives the microwaves for determining the level 
of the liquid surface, characterised in that an absorber (8) for 
microwaves is placed at the base (3) of the tank (2) below the opening 
of the pipe to absorb the greater part of the microwave energy that is 
incident on the base of the tank. 

The apparatus according to claim 1, characterized in that the absorber 
(8) is modelled as a connected plate of spikes (9) with the tips of the 
spikes (9) facing the incident microwaves. 

The apparatus according to claim 2, characterized in that the spikes are 
composed of closely arranged pyramids (9). 

The apparatus according to claim 2 or 3, characterized in that the spikes 
are positioned on a plate of thickness of one's choice, where the plate 
and the spikes are integrated with one another. 

The apparatus according to claim 1 or 2, characterized in that the 
material in the absorber (8) has a component of carbon. 

The apparatus according to claim 5, characterized in that the material in 
the absorber (8) has a dielectric constant greater than 1.8, and an 
admixture of up to 4% carbon by weight without it being friable at 
temperatures down to -165 °C. 

The apparatus according to claim 6, characterized in that the material in 
the absorber (8) is composed of a flouro-polymer resin. 
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8. The apparatus according to claim 7, characterized in that the material is 
PTFE (PolyTetraFlouroEthylen). 

5 9. The apparatus according to claim 1, characterized in that the absorber 

(8) is glued to the base of the tank (3), or, with the aid of a frame, 
screwed to the base (3) of the tank. 
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